A simple one-dimensional model of CH 3 OH maser is considered. Two techniques are used for the calculation of molecule level populations: the accelerated lambda iteration (ALI) method and the large velocity gradient (LVG), or Sobolev, approximation. The LVG approximation gives accurate results provided that the characteristic dimensions of the medium are larger than 5-10 lengths of the resonance region. We presume that this condition can be satisfied only for the largest observed maser spot distributions. Factors controlling the pumping of class I and class II methanol masers are considered.
INTRODUCTION
Intense maser transitions of the CH3OH molecule are observed towards high-mass star-forming regions. The high brightness temperature of the maser emission permits us to observe them with the very long baseline interferometry (VLBI) technique, achieving both very high angular and velocity resolution.
Methanol masers have been empirically divided into two classes (Batrla et al. 1987; Menten 1991) . The class I methanol masers are often found apart from strong radio continuum and infrared sources and are associated with the shocked molecular gas (Cyganowski et al. 2009; Voronkov et al. 2014) . The strongest and most common class I methanol masers are 4−1 → 30 E at a frequency of 36.2 GHz and 70 → 61 A + at 44.1 GHz (Voronkov et al. 2012) . The class II methanol masers reside in close proximity to individual young stellar objects (YSOs). The strongest and most common class II methanol masers are observed from the transitions 51 → 60 A + at 6.7 GHz and 20 → 3−1 E at 12.2 GHz. In addition to the strong and common methanol maser transitions, there are a large number which are observed to exhibit maser emission in a smaller number of sources . The class II methanol masers are tracers of the high-mass star-formation while the class I masers are found in regions of both high-and low-mass star formation (Xu et al. 2008; Chen et al. 2011; Kalenskii, Kurtz & Bergman 2013) .
The strongest methanol maser sources often show emission in multiple transitions and are projected against ultracompact (UC) H II regions, the example being W3(OH) (Sutton et al. 2001 ; Moscadelli et al. 2003 ). However, in-⋆ E-mail:alex-n10@yandex.ru terferometric observations of the class II methanol masers at frequencies of 6.7 and 12.2 GHz indicate that, in most cases, the maser emission is not associated with any observable radio continuum emission that can be identified as a signature of an UC H II region (Walsh et al. 1998; Minier, Conway & Booth 2001) . Many of the methanol masers are associated with sources within infrared dark clouds, which are believed to mark regions where highmass star formation is in its very early stages (Ellingsen 2006) . These results have been interpreted in terms of class II methanol masers tracing an evolutionary phase which largely precedes the formation of an UC H II region.
Early theoretical models of methanol masers employed the collisional pumping mechanism (Strelnitskii 1981) . Subsequently, it was established that class I methanol masers have the collisional pumping mechanism, but class II methanol masers need a radiation field as a pumping source (Walmsley et al. 1988; Zeng & Lou 1990; Zeng 1992; Cragg et al. 1992) . The ground and the first torsionally excited state of the molecule were included in early numerical models. These models could not explain the observed high brightnesses of class II methanol maser sources. The model of strong class II methanol maser at 12.2 GHz was proposed by Sobolev & Deguchi (1994) . In their model, methanol molecules are excited to the first and the second torsionally excited states by the radiation from hot dust. Inverted populations result from the radiative and collisional cascade back to the ground state in the relatively cold gas. Subsequently, the model was extended to explore physical conditions necessary for the pumping of the 6.7 GHz maser line and other maser transitions (Sobolev, Cragg & Godfrey 1997a,b; Cragg, Sobolev & Godfrey 2002 .
Various techniques have been developed to yield a self-consistent set of level populations and radiation fields (Grinin 1984; Rybicki 1984; Hubeny 2001) . The escapeprobability approach to the solution of radiative transfer problems in spectral lines in a medium with large velocity gradients was formulated for the first time by Sobolev (1957 Sobolev ( , 1960 . In most cases, only the LVG, or Sobolev, approximation has been applied to evaluate level populations of the methanol molecule. As originally formulated, the Sobolev approximation ignores the effects of continuous opacity on the line intensity. Hummer & Rybicki (1985) generalized the LVG approximation to include these effects. We used their results in our calculations.
The current study is aimed at modelling of the pumping mechanism of methanol masers. For the first time, the LVG approximation with the full treatment of continuum effects and the ALI method are used in the calculations of methanol level populations and line intensities. The zone of validity of the LVG approximation is discussed.
DESCRIPTION OF THE MODEL

Geometrical and physical parameters of maser clouds
The class II methanol masers at 6.7 and 12.2 GHz were intensively studied by the VLBI technique. Moscadelli et al. (2003) reported on the results of VLBA observations of the 12.2 GHz methanol masers towards the UC H II region W3(OH). The maser emission is observed as a collection of maser emission centres -'maser spots'. The sizes of maser spots in W3(OH) vary in the range 1-7 au with a mean size of 3 au. The maser spot spectra are very well reproduced by single Gaussian profiles with characteristic FWHM line widths of about 0.1-0.3 km s −1 . The maser spectral analysis suggests that the 12 GHz masers in W3(OH) are unsaturated (Moscadelli et al. 2003) . The emission of unsaturated masers is significantly narrowed compared with the line profile of the emission coefficient. The line narrowing factor is about 3-4 for the strong unsaturated masers (Watson, Sarma & Singleton 2002) . Thus, the dispersion in turbulent velocities in masing gas clumps is expected to equal 0.5-1 km s −1 to provide observed maser line widths. The maser spots are often clustered in groups -'maser features', emitting in contiguous frequency channels. It is generally believed that one maser feature corresponds to a distinct masing cloud of gas -kinematical interpretation (Moscadelli, Sanna & Goddi 2011) . We took this point of view in our calculations. In some models, maser spots are assumed to be correlations in the distributions of physical parameters within a maser formation region which is larger by orders of magnitude than the spot size (Sobolev, Wallin & Watson 1998) . As was pointed out in Sobolev & Gray (2012) , the kinematical interpretation of the maser spot velocities should not be considered as contradictory to existence of correlations within extended masing regions. Moscadelli, Sanna & Goddi (2011) studied the milliarcsecond structure of class II methanol masers at a frequency of 6.7 GHz at high velocity resolution in four high-mass star-forming regions. Most of the detected 6.7 GHz maser features present an ordered (linear, or arc-like) distribution of maser spots on the plane of the sky, together with a regular variation in the spot local standard rest (LSR) velocity with position. The sky-projected sizes of maser features range from 5 to 50 au. Typical values for the amplitude of the LSR velocity gradients (defined in terms of the derivative of the spot LSR velocity with position) were found to be 0.05-0.1 km s −1 au −1 . These data are considered as an estimate of the gas velocity gradient in maser clouds.
To date, there are few VLBI observations of class I methanol masers (Voronkov et al. 2012) . Matsumoto et al. (2014) carried out the VLBI imaging of the 44.1 GHz class I methanol maser towards the high-mass star-forming region IRAS 18151-1208. The sizes of maser components lie in the range 5-20 au and brightness temperatures reach 10 10 K. Minier et al. (2005) presented multiwavelength studies of five methanol maser sites which are not directly associated with an UC H II region. Each radio-quiet maser site is associated with a high-mass and luminous molecular clump. The spectral energy distribution for the most of the sources has a cold component (40-50 K) and a hot component (100-250 K). The hot component most likely probes the central region of the envelope around the luminous protostellar object. In addition, colder gas clumps seen only at mm wavelengths are found near the methanol maser sites. These clumps might represent an even earlier phase of high-mass star formation or, alternatively, the cold clumps might be clusters of low-mass YSOs (Minier et al. 2005) . These data can be used to estimate the characteristic dust temperatures in class I and class II methanol masers.
The methanol production in gas-phase chemistry reactions is not effective (Hartquist et al. 1995) . The methanol is produced on dust grains through hydrogenation of CO molecules (Garrod et al. 2006) . It is hypothesized that the methanol abundance is enriched in maser regions due to the evaporation of icy grain mantles or due to the sputtering processes in shock waves (Hartquist et al. 1995; Flower, Pineau Des Forêts & Rabli 2010; Yusef-Zadeh et al. 2013) . The fractional abundance of methanol ice is deduced from observations of the ice mantle composition and equals about 10 −5 in interstellar clouds (Whittet et al. 2011 ). This estimate is considered as an upper limit for the methanol molecule abundance in the gas phase.
Calculational model
We consider the one-dimensional model of a flat gas-dust cloud (see Fig. 1 ). The z coordinate axis is perpendicular to the cloud plane. We assume that there is a constant gas velocity gradient along the z axis, kv = dv/dz 0. The gas velocity v(z) = 0 at z = 0. Let µ to be the cosine of the angle between the z axis and the radiation direction. The cloud consists of a mixture of H2 and CH3OH molecules, He atoms, and dust particles. The physical parameters of the cloud (the gas and dust temperatures, the number densities of atoms and molecules, and the dust abundance) were assumed to be independent of the coordinates.
In the calculations, we used the dust model from Weingartner & Draine (2001) with the following parameters: the ratio of visual extinction to reddening RV = 3.1, the carbon abundance in small grains C/H = 55.8 ppm, the dust-gas mass ratio 0.0081
1 . The dust emissivity was calculated in accordance with Kirchhoff's radiation law.
The model optionally includes the radiation of the external layer of hot dust at a temperature T ext d with a filling factor W d . Let µc to be the cosine of the angle characterizing the external radiation field (see Fig. 1 ). The radiation intensity of the external dust layer is:
where B(ν, T = 150 K. The parameters of the external dust layer are similar to those, adopted by other workers (Cragg, Sobolev & Godfrey 2005) . The cosmic microwave background (CMB) radiation at a temperature of 2.7 K was taken into account in our model. The UC H II background continuum radiation was not considered in our calculations.
The model parameters are given in the Table 1 . Our list of physical parameters is based on the results of previous numerical models (Cragg, Sobolev & Godfrey 2005; McEwen, Pihlström & Sjouwerman 2014) .
CALCULATION OF THE CH3OH LEVEL POPULATIONS
Spectroscopic data and collisional rate coefficients
Methanol molecules exist in two distinct nuclear-spin forms, related to the identity of the protons in the methyl (CH3) group. In A-type methanol the spins of the three protons are 'parallel' and the resultant nuclear spin quantum number I = 3/2. The levels of A-type methanol are labelled by the '+' or '−' symbol related to the parity quantum number. In E-type methanol the spin of one of the protons is 1 http://www.astro.princeton.edu/~draine/dust/dustmix.html The physical parameters given in the columns 2 and 3 are favourable for the pumping of class I and class II methanol masers, respectively.
opposed to the spins of the other two, and I = 1/2. As Etype methanol exists in two degenerate forms, the statistical abundance ratio of symmetry species equals 1. Here, the A and E molecule species are assumed to be equally abundant. Our calculations of methanol level populations took into account levels with angular momentum quantum number J 15 and belonging to torsional states vt = 0, 1 and 2. The number of levels within each torsional state is equal to 256, making 768 levels in total for each of the symmetry states of the molecule. Energy levels and line strengths were taken from Mekhtiev, Godfrey & Hougen (1999) .
The rate coefficients for collisional transitions between methanol levels in collisions of methanol with He atoms and H2 molecules were taken from Rabli & Flower (2010b . For the collisions of methanol with He atoms and para-H2 molecules, Rabli & Flower (2010b,a) provided rate coefficients for rotational (torsionally elastic) transitions for the set of methanol levels and gas temperatures ( 200 K) considered in our calculations. For the ortho-H2 as a collisional partner in CH3OH-H2 collisions, the rate coefficients were calculated by Rabli & Flower (2010a) for transitions involving levels with J 9 of the ground torsional state of the methanol molecule (100 levels). For 9 < J 15 and for transitions within torsionally excited states, the rate coefficients were assumed to be identical to those pertaining to collisions with para-H2. This assumption will tend to underestimate the contribution of ortho-H2 to the collisional transfer amongst these excited levels, as the ortho-H2 rate coefficients tend to be larger than the para-H2 (Rabli & Flower 2010a ). Rabli & Flower (2011) computed rate coefficients for a restricted set of torsionally inelastic transitions in collisions of methanol with He atoms. For torsionally inelastic transitions induced by para-H2, Rabli & Flower (2011) suggested using the available rate coefficients for He atoms, and three times these values for collisions with ortho-H2.
As the normal radiative and collisional processes do not change nuclear-spin of the molecule, the level populations of A-and E-type methanol were calculated independently. The effect of line overlaps on excitation of methanol masers was found to be unimportant (Cragg, Sobolev & Godfrey 2002 ). Cragg, Sobolev & Godfrey (2005) examined the effects of including more excited-state energy levels of methanol in the calculations of level populations (the torsionally excited states vt = 3, 4 and CO-stretch vibrational mode). They found that these effects are significant only at high gas temperatures Tg > 200 K, at dust temperatures T d > 300 K, and at large methanol column densities.
Basic equations
In the stationary case, the system of equations for the level populations ni is
where M is the total number of levels, R ik (z) is the rate coefficient for the transition from level i to level k through radiative processes, and C ik is the rate coefficient of collisional processes. The values of R ik (z) are given by
where A ik and B ik , B ki are the Einstein coefficients for spontaneous emission and for stimulated emission and absorption, respectively; J ik (z) is the radiation intensity averaged over the direction and over the line profile. The radiative transfer in the plane-parallel geometry is considered. In this case,
where I(z, µ, ν) is the intensity of radiation at a frequency ν in direction µ and φ ik (z, µ, ν) is the normalized spectral line profile. The line intensity I(z, µ, ν) is derived from the equation of radiative transfer (Mihalas & Mihalas 1984) :
where κ(z, µ, ν) and ε(z, µ, ν) are the absorption and emission coefficients, respectively. The spectral profile of the emission and absorption coefficients in the laboratory frame of reference is
whereφ ik (ν) is the normalized spectral line profile in the comoving frame of the gas, ν ik is the transition frequency, v(z) is the gas velocity along the z axis. The line profile width is determined by the spread in thermal velocities of molecules and turbulent velocities in the gas-dust cloud:
where v th is the most probable value of the thermal speed of the molecules, and v turb is the characteristic micro-turbulent speed in the cloud.
Accelerated Λ-iteration method
The detailed description of the ALI method for solving the system of master equations for molecule level populations coupled to the radiative transfer equation was given by Rybicki & Hummer (1991) . This method was employed in our modelling of the H2O maser pumping in Nesterenok (2013a Nesterenok ( ,b, 2015 ; Nesterenok & Varshalovich (2014) . Here, the numerical scheme was modified in order to treat large velocity gradient of the gas in the cloud. The maximum value of the layer thickness zmax is determined by the condition that the gas velocity change across this distance equals 0.1vD. The number of layers into which the cloud was broken down is N 100 and depends on the value of the velocity gradient. The radiative transfer for the transitions with inverted level populations was treated in the way analogous to that used in Yates, Field & Gray (1997) -the negative value of the line opacity was changed to positive value equal to ζ = 0.1 of the absolute value of the opacity. The numerical scheme was tested using different values of the parameter ζ.
Large velocity gradient approximation
The equation of radiative transfer (5) can be integrated for the plane-parallel medium with a monotonic velocity field (Hummer & Rybicki 1985) . In the Sobolev limit,
where z = 0 corresponds to the cloud boundary. Characteristic dimensions of the medium are assumed to be much larger than ∆zD. Let us introduce parameters of a molecular line i → k:
where κc is the absorption coefficient of the dust at the line frequency, κLφ(x) is the line opacity coefficient, φ(x) = exp(−x 2 )/π 1/2 , x = (ν − ν ik )/∆ν ik . The parameters δ and γ are taken to be general, slowly varying, functions of z coordinate.
The mean intensity J ik (z) in the molecular line can be calculated (Hummer & Rybicki 1985) :
where SL is the line source function, Sc is the source function in the continuum, τc1 and τc2 are the continuum optical depths to each of the cloud boundaries. The functions P(δ, γ) and L (δ, γ, τc) are one-sided loss probability functions for photons created by line and continuum processes, respectively:
When the continuous opacity is taken into account, the solution of the radiative transfer equation in the LVG approximation depends not only on the local parameters δ and γ, but on the cloud dimensions and the dust distribution in the cloud. Note that Hummer & Rybicki (1985) did not consider an external radiation field. The values of P(δ, γ) were calculated for the grid of parameters γ and δ. The ranges for parameters γ and δ were taken to be [10 −6 , 10 14 ] and [10 −2 , 10 9 ], respectively; the number of grid points per order of magnitude was taken to be 16. We used integration and interpolation algorithms published in the book by Press et al. (2007) . The relative accuracy of the integration was set to be 10 −5 , the bicubic interpolation within a grid square was used.
The system of statistical equilibrium equations (2) with the line intensity given by (10) was solved iteratively. The iterative series was treated in the same way as in the ALI method (Nesterenok 2015) . The convergence criterion for the iterative series was the condition on the maximum relative change in level populations for two successive iterations < 10 −4 .
RESULTS
LVG approximation and ALI method
The physical parameters of the gas-dust cloud adopted in the calculations are those favourable for the pumping of the class II methanol masers (column 3 of the Table 1 ). But the radiation from the external dust layer and the CMB radiation were not considered in the calculations (the LVG approximation equations used in our work do not account for external radiation fields). The effect of the continuous opacity on the line intensity in the LVG approximation was studied. The first term of the intensity expression (10) was considered: the ratio of the term with the dust opacity taken into account to the term without taking into account the dust opacity was calculated for all radiative transitions of A-and E-species of methanol. The distribution of the parameter is shown in Fig. 2 (solid line) . Most of molecular lines are optically thin in the direction perpendicular to the cloud plane and have values γ > 1. The values of the one-sided loss probability function P(δ, γ) are close to 0.5 in this case. However, the difference 1 − 2P(δ, γ) is very sensitive to the dust opacity. As a consequence, the first term in the intensity expression (10) is reduced by more than an order of magnitude for a significant fraction of molecular lines when the dust opacity is taken into account. The ratio of the second term of the intensity expression (10) to the total intensity is considered (dashed line in Fig. 2) . It is seen that the parameter is close to unity for most of the molecular lines. The dust emission determines the radiation intensity for these molecular lines.
The expression for the gain of the transition i → j at the line centre in a direction along the cloud plane is
where N is the number density of molecules (A-or Esymmetry species of methanol). Fig. 3 shows the dependence of the gain of the maser line at 6.7 GHz on the cloud depth calculated by means of the ALI method and the LVG approximation. There is a significant discrepancy in the results of two methods at the cloud height H = 30 au. The parameter H/∆zD equals 2.6 in this case. The gain has negative values at almost all cloud depths according to accurate calculations, while the LVG approximation provides high positive values of the maser gain. There is an agreement between the results of two techniques at large cloud height -the difference between the gain values at the cloud centre is about 10 per cent at H = 90 au (H/∆zD = 7.9) and about 2 per cent at H = 150 au (H/∆zD = 13).
One can see in Fig. 3 that the maser gain depends significantly on the cloud height. The larger the cloud height, the larger the dust optical depth and the radiation from dust is more intense. This makes the pumping of class II methanol masers more effective as these masers have a radiative pumping mechanism. At the model parameters in question (H = 30 au), the dust optical depth perpendicular to the cloud plane equals about 0.05 at wavelengths of 20-30 µm -the approximate wavelengths of the pumping photons. Despite the dust optical depth being low, the effect of the dust intermixed with the gas on the maser pumping is significant. This effect is also discussed by Sutton et al. (2001) .
The simulation results for other maser transitions are analogous to those for the 6.7 GHz maser line shown in Fig. 3 . The gain values calculated by means of the LVG approximation are higher than the results of accurate radiative transfer calculations for maser transitions which have radiative pumping mechanism (class II methanol masers). The gain increases with increasing cloud height for these maser lines. According to our calculations, the results of the LVG approximation are lower than accurate results for the collisionally pumped masers (class I methanol masers). For these masers, the gain decreases with increasing cloud height.
Class I and class II methanol masers
The results of the calculations of methanol level populations using the ALI method are presented in this section. The radiation from external dust layer (for class II methanol masers) and the CMB radiation were taken into account. Fig. 4 presents the dependence of the cloud-averaged gain of several class I methanol masers on the gas temperature. The physical parameters are given in the column 2 of the Table 1 . The gain of maser transitions increases with increasing gas temperature that is a signature of the collisional pumping mechanism. Our results are similar to the findings by McEwen, Pihlström & Sjouwerman (2014) . The gain does not depend on the abundance of cold dust in our model. Fig. 5 shows the dependence of the cloud-averaged gain of several maser transitions on the filling factor of the external dust layer W d . The physical parameters are presented in the column 3 of the Table 1 . The gain of class II methanol masers at frequencies of 6.7 and 12.2 GHz increases with increasing filling factor of the external dust layer. The opposite is true for the class I masers at frequencies of 9.9, 25 and 104 GHz. The collisional and radiative pumping mechanisms are competitive: the strong infrared radiation quenches collisionally pumped class I masers and strengthens class II masers. Nevertheless, masers of different types can coexist in the same maser region -the gain of some class I methanol masers can be high in the strong infrared radiation field. Our results are consistent with the findings by Voronkov et al. (2005) . The length of the amplification region along the line of sight has to be L ≈ 20H = 600 au to provide optical depth τ 20 in strong maser lines in our model. According to our estimates, methanol masers become saturated at optical depths of about 15-20 (the beaming angle of the maser radiation was taken to equal ∆Ω/4π = 10 −3 , the background radiation was not considered). The excitation temperatures of maser levels lie in the range 1-100 K. Thus, the model can account for high brightness temperatures T b ∼ 10 9 − 10 10 K of both class I and class II methanol masers, but large beaming factors L/H 20 are required. Note, the high gasphase abundance of the methanol molecule xm = 10 −5 was taken in our model to get high maser gain values.
DISCUSSION
In the case of the large velocity gradient, the photointeraction at an arbitrary point of the medium is determined A + at a frequency of 6.7 GHz, 2 0 → 3 −1 E at 12.2 GHz, 9 −1 → 8 −2 E at 9.9 GHz, 5 2 → 5 1 E at 25 GHz and 11 −1 → 10 −2 E at 104 GHz.
by the radiative coupling to its local neighbourhood -the resonance region. The length of the resonance region ∆zD depends on the half-width of the absorption coefficient profile and the velocity gradient at the given point. The LVG approximation gives exact solutions for the radiative transfer problem provided that the characteristic dimensions of the medium are much larger then the length of the resonance region (Grinin 1984) . The radiation intensity in molecular lines is determined by the loss probability functions that photons emitted at a point either escape from the resonance region or are absorbed in the continuum. The absorption by the continuum is an essential mechanism for photon loss in a dusty medium. Moreover, the dust emission can take a part in the pumping of the masers. We showed that the continuous opacity plays an important role in determining radiation intensity and must be taken into account accurately. Generally, the effects of the continuum emission and the absorption by the continuum within the resonance region were not considered or simplified assumptions were done in the solution of radiative transfer problem in high-speed flows (Castor & van Blerkom 1970; Deguchi 1981) . The maser emission arises from compact regions with the sizes of a few tens of au. We assume that each maser feature corresponds to a distinct gas-dust cloud with sizes comparable to the observed sizes of the emitting region. In this case, the dimension of the emitting region on the plane of the sky can be taken as a characteristic distance of changes of physical parameters of the medium such as gas density or molecule abundance. According to our calculations, the results of the LVG approximation and the ALI technique agree at large cloud height, H > 5∆zD. This condition can be satisfied only for the largest observed maser features, H > 50 au (at the velocity gradient and the micro-turbulent speed in question). In this case, the escape probability method gives accurate results in deep cloud layers but fails in outer layers. The results of the LVG approximation significantly differ from the results of accurate calculations at small cloud height H ≃ 2∆zD (see Fig. 3 ). In this case, the calculations based on the LVG approximation give wrong constraints on physical parameters in the maser source. For example, the LVG approximation calculations will reproduce the results shown in Fig. 3 for the ALI method at small cloud height, if the gas density is taken two times lower than the value given in the Table 1. At small cloud height, the real loss probability functions are higher than the values given by equations (11) (Rybicki 1984) . In this case, the radiation intensity in molecular lines is overestimated if equations (10,11) are used. It affects gain values of the radiatively and collisionally pumped masers: the gain values are overestimated for radiatively pumped masers and underestimated for collisionally pumped masers. Strelnitskii (1981) and Sobolev & Strelnitskii (1983) suggested a model of methanol masers observed towards the Orion molecular cloud. The collisional pumping mechanism was considered in their model in which the cold dust plays a key role in the pumping of the masers. The presence of cold dust would significantly enhance the level population inversion if the optical depth in the pumping lines is much greater than unity. In our model, most of ro-vibrational lines of the methanol molecule have low optical depth, and the probability for a photon to escape from the resonance region belongs to the interval 0.1 − 1. As a result, the absorption of radiation by cold dust plays little role in the collisional pumping of class I methanol masers.
Modelling of the maser pumping can provide estimates of the physical conditions in the maser regions (Sobolev & Gray 2012) . The presence and the absence of different maser transitions towards specific YSO can potentially be used to trace changes in physical conditions and the evolutionary state of the source (Breen et al. 2010) . It is believed that the sources showing rare class II methanol maser transitions are the most evolved sources traced by class II methanol masers and arise just prior to the switch off of the methanol masers of this class . A model attempting to simultaneously fit all of the observed methanol masers would have to take into account a source structure and possible saturation effects (Sutton et al. 2001; Sobolev et al. 2002) . The LVG approximation is a local treatment of radiative transfer which does not take into account possible strong spatial variations of physical parameters in the source. The radiation transfer methods such as ALI method do not have this deficiency and the spatial variations of physical parameters can be accounted for in the calculations. The maser saturation has to be taken into account in modelling of strong maser sources with brightness temperatures T b 10 10 K. The next step in the maser pumping simulations could be accurate radiative transfer calculations using a specific physical model of the sourcethe time-dependent model of the photo-dissociation region or the interstellar shock wave model.
CONCLUSIONS
A simple one-dimensional model of CH3OH maser is considered. The following conclusions have been drawn: (i) The LVG approximation calculations reproduce the results of accurate radiative transfer calculations at large cloud heights and high velocity gradients: the cloud height has to be of the order of or greater than 5-10 lengths of the resonance region.
(ii) At small cloud height, the LVG approximation underestimates the photon loss probability functions. It can affect significantly gain values of the radiatively and collisionally pumped masers.
(iii) The absorption of radiation by dust and the dust emission play an important role in determining radiation intensity and must be taken into account accurately.
(iv) The model presented can account for high brightness temperatures T b ∼ 10 9 − 10 10 K of the class I and class II methanol masers.
